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ABSTRACT

Introduction: Azithromycin, a widely used antibacterial agent, is also considered the cornerstone of the management
protocols for COVID-19 infection, particularly in Egypt, due to its antiviral impact and preventive effects against secondary
bacterial infections. However, even at pharmacological doses, azithromycin develops rapid cardiac toxicity. Objectives:
Our study here aims at investigating the cardioprotective potentials of lactoferrin, a natural compound used primarily for
boosting intestinal iron absorption, to counteract azithromycin-induced cardiac toxicity in experimental rats when
administered concurrently. Methods: Male Sprague Dawley rats received either lactoferrin (200 mg/kg/day, orally) or
saline for 10 days. Induction of cardiac toxicity was initiated on the 6" day via oral administration of azithromycin
(20mg/kg/day, orally) for 5 successive days, concurrently with either lactoferrin or vehicle. Cardiac injuries were confirmed
via Electrocardiogram (ECG) recording, assessment of cardiac function biomarkers, assessment of cardiac expression of
nuclear factor erythroid 2-related factor 2 (Nrf2), interleukin-1f (IL-1B) and IL-10, measurement of cardiac
oxidant/antioxidant balance, immunohistochemical staining against toll-like receptor-4 (TLR4), and nuclear
factor-xB (NF-xB), and histopathological examination of HE-stained cardiac specimens. Results: Administration of
azithromycin denoted a significant cardiac tissue injury as demonstrated by upregulated serum levels of cardiac biomarkers,
namely total creatine Kinase (CK), Creatine kinase-MB (CK-MB), lactate dehydrogenase (LDH), and Alkaline
phosphatase (ALP). Furthermore, it upregulated cardiac content of malondialdehyde (MDA) and nitric oxide (NO) and
cardiac inflammatory markers, such as TLR4, NF-xB, and IL-1B. Similarly, azithromycin-downregulated reduced
glutathione (GSH) cardiac content and the anti-inflammatory protective indicators, 1L-10 and Nrf2. Additionally,
azithromycin-induced cardiotoxicity was evinced by ECG pattern and histopathologic deterioration. Oral Lactoferrin
showed cardioprotective potentials and counteracted the azithromycin-induced cardiac toxicity, downregulating cardiac
biomarkers. Moreover, it restored cardiac oxidant/antioxidant balance, decreased cardiac TLR4, NF-xB, and IL-1p
expression, and increased IL-10 and Nrf2 expression. Lactoferrin Cardioprotective potentials were also evinced by
enhanced ECG pattern and histopathological examination. Conclusion: Finally, we support the use of lactoferrin with
azithromycin intake that induced cardiac toxicity.
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INTRODUCTION

Macrolides, in particular  erythromycin,
clarithromycin, azithromycin, and telithromycin, are
among the most commonly used antibacterial agents for
the treatment of gram-positive bacterial infections such
as Staphylococcus aureus, Streptococcus pneumonia,
and Streptococcus pyogenesis - 2. Azithromycin, a 2" -
generation macrolide with limited adverse drug reactions
(ADRs), is widely used for the treatment of bacterial
infections 3. Azithromycin exhibited significant in-vitro
and in-vivo antiviral properties against a wide variety of
viruses: Ebola, Zika, respiratory syncytial virus, HIN1
influenza, enterovirus, and rhinovirus “*2. Recently,
azithromycin has been reported to exhibit antiviral
effects against SARS-CoV-2 in both in-vitro ** and
clinical settings 4.

Notably, the recent increasing importance of
azithromycin has gained attention to the associating
ADRs. Several case reports have reported the
azithromycin-induced cardiovascular ADRs, where it
can cause cardiotoxic impacts, such as torsade de
pointes, QT interval prolongation, and ventricular
arrhythmias, causing unexpected sudden deaths % 16 17,
Animal models of azithromycin-associated cardiac
injury revealed that azithromycin administration induces
oxidative damage, inflammatory mediators upregulation,
myocardial tissue injury, and, ultimately, apoptosis.
These devastating impacts of azithromycin are evident
by ECG changes, myocardial infarction, and death?®® 1°,
Moreover, azithromycin and other antibiotics disrupt the
intestinal microbiota and may develop intestinal
dysbiosis in elderly patients with gut microbiota changes,
making them susceptible to heart failure. Therefore,

probiotics,  particularly  lactoferrin, could be
recommended for administration to counteract these
changes 5.

Lactoferrin, a naturally occurring non-toxic
glycoprotein, is commercially available as an oral
nutritional supplement?. Lactoferrin is pivotal in both
natural and acquired immunities. Several studies have
reported that lactoferrin can exhibit antiviral,
antimicrobial, anti-inflammatory, antioxidant,
renoprotective, and hepatoprotective  therapeutic
potentials 2 2% 22 23, 24" These studies suggest that
lactoferrin  may impart cardioprotective potentials
against cardiotoxins. Indeed, a recent study has reported
that Lactoferrin counteracts nicotine-induced cardiac
damage in a rat model?°.

Consequently, the current experimental work
aimed to evaluate the possible cardioprotective potentials
of lactoferrin against azithromycin-induced
cardiotoxicity in rats. Azithromycin-induced cardiac
toxicity was confirmed through ECG recording,
assessing serum levels of cardiac function biomarkers,
namely LDH, CK-MB, total CK, and ALP,

histopathological examination of cardiac tissues, and
determination of cardiac oxidant/antioxidant balance.
Besides, azithromycin-induced inflammatory conditions
were monitored via immunohistochemical detection of
TLR4, NF-«kB, IL-1p, IL-10, and Nrf2 in cardiac tissues.

MATERIALS AND METHODS

Drugs and Chemicals

Azithromycin was obtained as Zithromax® 250
mg capsules, Pfizer® Pharmaceutical Company Inc.
(Egypt). Lactoferrin was obtained as Pravotin® 100 mg
sachets, Hygint Pharmaceuticals Ltd., (Egypt).
Azithromycin was suspended in fresh
carboxymethylcellulose (CMC) 0.5 % W/V solution,
while lactoferrin was dissolved in 0.9% saline solution.
All used chemicals were of analytical grades.

Animals

As part of the current investigation, eighteen
male SD albino rats, each weighing 180 + 40 g, were
used, as given by the Egyptian Organization for
Biologicals and Antibodies (Cairo, Egypt). Rats have
been housed in well-ventilated plastic cages under stable,
standardized conditions with a 12 h light/dark period.
Rats have been granted free access to standard feeding
chow (EI-Nasr Pharmaceuticals and Chemicals, Egypt)
and water, ad labitum, and a one-week acclimatization
period prior to initiating the experimental design. All
animal experiments in the current study were conducted
according to the guidelines approved by Research Ethics
Committee of Mansoura university (No. 5335), which, in
turn, tracked the National Institutes of Health (NIH)
guidance for the care and use of laboratory animals (NIH
Publications No. 8023, revised in 1978).

Experimental design

Following  acclimatization, rats  were
indiscriminately divided into 3 groups: control,
azithromycin, and lactoferrin\azithromycin groups, each
of 6 rats. Rats in control, azithromycin, and
lactoferrin\azithromycin groups received either saline (1
ml/kg/day, orally), saline (1 ml/kg/day, orally), or
lactoferrin (200 mg/kg/day, orally) %, respectively, for
10 successive days. On day 6, rats in azithromycin and
lactoferrin\azithromycin groups were subjected to
induction of cardiotoxicity through oral administration of
azithromycin (20 mg/kg/day) & °, while rats in the
control group received CMC solution (1 ml/Kg/day,
orally) for 5 successive days. At the end of the
experiment, rats were fasted for 12 h and anesthetized
with urethane (1.5 g/kg, intraperitoneal)?.

ECG recording
A single-channel 501-B 11l ECG (Fukuda ME
Kogyo Co. Ltd., Tokyo, Japan) was used for ECG
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Table 1. Effect of lactoferrin on the azithromycin-induced elevation of cardiac function biomarkers: Total Ck, CK-MB,
LDH, and ALP

Control Azithromycin Lactoferrin\azithromycin
Total CK (U/L) 681.20 £ 59.78 1313.00 + 50.99% 818.20 + 49.70%
CK-MB (U/L) 305.30 £ 31.50 693.00 + 49.76° 365.40 + 28.33*
LDH (U/L) 1384.00 + 83.25 4979.00 + 534.70° 2115.00 + 161.80*
ALP (U/L) 401.20 + 13.08 770.20 + 46.84° 402.80 £ 25.71%

Lactoferrin\azithromycin group received lactoferrin (200 mg/kg/day, orally) starting from day 1 till day 10. Cardiotoxicity was induced in azithromycin
and lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5 successive days, starting from day 6 till day 10.
Data are presented as mean + SEM, n=6. Statistical analysis was done using (ANOVA) followed by Tukey-Kramer test

$# p<0.05, Significantly different Vs. either control or azithromycin groups, respectively.

Table 2. Effect of lactoferrin on azithromycin-induced alteration in cardiac oxidative stress and antioxidant levels

Control group Azithromycin group Lactoferrin\azithromycin group
MDA (nmol/g tissue) 3.99+0.39 8.20 +£0.26% 5.04 + 0.42*
NO (nmol/g tissue) 9.70 £1.05 35,51 +3.32% 14.91 £ 0.92%
GSH (umol/g tissue) 2.34+£0.10 1.22 £0.07% 2.24 £0.11%

Lactoferrin\azithromycin group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10. Cardiotoxicity was induced in azithromycin
and lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5 successive days, starting from day 6 till day 10.
Data are presented as mean + SEM, n=6. Statistical analysis was done using (ANOVA) followed by Tukey-Kramer test

$#p<0.05, Significantly different Vs. either control or azithromycin groups, respectively.

recordings, using standard lead Il limb leads. The using commercial Spinreact® assay kits (Girona, Spain).
electrocardiographs were standardized and utilized to Cardiac MDA, GSH, and NO content have been made
determine ECG patterns and changes as previously calorimetrically using Bio-Diagnostics Kits (Bio-
described® %, diagnostics Co. Giza, Egypt). Additionally, IL-18, IL-10,
and Nrf2 were measured by ELISA kits via BioLegend,
Blood sampling and tissue collection Inc., (San Diego, CA, USA), Invitrogen (Vienna,
Blood samples have been directly obtained, Austria), and abcam® (USA), respectively. All
following ECG recording, via retro-orbital plexus biochemical methods were conducted according to
puncture and centrifuged for serum separation. Freshly manufacturers' instructions.
prepared sera were utilized for assessment of cardiac
function biomarkers, total CK, CK-MB, LDH, and ALP. Hematoxylin and Eosin (HE) and
Afterwards, rats were sacrificed, and hearts were Immunochistochemical Staining
excised. Hearts were flushed with traditional cold saline Apical portions of cardiac tissues have been
and dried by filter paper. The apical part was preserved fixed in paraffin and stained with HE to detect cardiac
for histological evaluation and immunohistochemical tissue histopathology. Furthermore, the
staining against NF-xB and TLR4. The remaining immunodetection of TLR4 and NF-kB expression has
cardiac tissues were cut into several specimens, been conducted. Briefly, slides have been incubated with
immediately frozen in liquid nitrogen (-170°C), and then the primary antibody either Anti NF-kB antibody (Cat
frozen at -80°C to evaluate MDA, GSH, NO, IL-18, IL- No. YPO0191), npurchased from ImmunoWay
10 in addition to Nrf2. Biotechnology Company (Plano, TX, USA) or anti-
TLR4 antibody (Cat No. SAB35463), purchased from
Biochemical methods SAB (College Park, Maryland, USA) at 4 °C overnight.
Serum CK-MB and CK levels were assessed Then, slides were washed, incubated with the second
using commercial kits provided by Biomed (Badr City, HRP-polymer conjugated anti-rabbit IgG antibody
Egypt) and ELiTech clinical systems (Egypt), (Maixin, Fujian, China), followed by the DAB Kit
respectively. Serum LDH and ALP were determined (Maixin) reaction, and finally, counterstained with
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Table 3. Effect of lactoferrin on azithromycin-induced ECG pattern changes and deteriorations

Control group

Azithromycin group

Lactoferrin\azithromycin group

Heart Rate (BPM) 181+6.8
PR interval (Sec.) 0.082 + 0.002
RR interval (Sec.) 0.310 + 0.005
QRS interval (Sec.) 0.03 £ 0.002
QT interval (Sec.) 0.126 + 0.002
QTc interval (Sec.) 0.230 £ 0.015
T peak-T end interval 0,075 + 0,003
(Sec.)

ST height (mV) 0.196 + 0.062
P (mV) 0.147 £0.016
R (mV) 0.780 +£0.128
S (mV) -0.130 + 0.030
T (MV) 0.27 +0.034

157.5 +3.9%
0.193 +£0.041%
0.38 £0.016%
0.048 + 0.006°
0.145 +0.005°

194.70 + 7.56*
0.077 +0.003*
0.316 +0.010*
0.031 +0.003*
0.118 +0.004*

0.346 = 0.058 0.211 +0.007#
0.085 +0.005 0.055 + 0.003%*
0.150 £ 0.020 -0.056 + 0.054%
0.034 + 0.025° 0.108 + 0.009%
0.77 +£0.094 0.428 £ 0.042%"
-0.13 £0.025 -0.283 £ 0.060
0.29 +0.024 0.226 £ 0.037

Lactoferrin\azithromycin group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10. Cardiotoxicity was induced in azithromycin
and lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5 successive days, starting from day 6 till day 10.
Data are presented as mean + SEM, n=6. Statistical analysis was done using (ANOVA) followed by Tukey-Kramer test

$# p<0.05, Significantly different Vs. either control or azithromycin groups, respectively.

Hematoxylin. All cardiac sections were examined by
LEICA® light microscope (Wetzlar, Germany) at 400x
magnification, and sections were chosen to analyze the
expression of these proteins. Using the Motic 6.0 image
analysis method (Xiamen, China), the positive rates were
analyzed semi-quantitatively.

Statistical analysis

Statistics have been carried out by GraphPad
Prism 8, CA, USA. Results have been presented as mean
+ SEM, and parametric differences have been rendered
by One-Way variance analysis (ANOVA test) followed
by Tukey-Kramer test, p < 0.05 as a confidence interval.
Also, Kruskal Wallis followed by post hoc Dunn's
multiple comparison tests have been used for statistical
analysis of non-parametric data.

RESULTS

Effect of lactoferrin on cardiac function biomarkers

Azithromycin group showed cardiac injury that
is denoted with the significant rise in total CK and ALP
by 92.7 % and 92%, respectively, in addition to a
significant increase in CK-MB and LDH by 2.3- and 3.6-
fold, respectively, compared with control group. In
contrast, lactoferrin\azithromycin group showed a
significant decrease in total CK, CK-MB, LDH, and ALP
by 37.7 %, 47%, 58%, and 48%, respectively, compared
with azithromycin group (Table 1).

Effect of lactoferrin on cardiac oxidative stress and
antioxidant levels

Azithromycin  administration  showed a
significant upregulation of cardiac MDA and NO
contents by 2- and 3.7- fold, respectively, and
downregulation of cardiac GSH content by 1.9-fold
compared with control group. Oral lactoferrin denoted a
significant alleviation of the increased cardiac MDA and
NO contents by 39% and 58%, respectively, and
replenished GSH store in cardiac tissues by 1.8-fold
compared with azithromycin group (Table 2).

Effect of lactoferrin on azithromycin-induced ECG
pattern changes and deteriorations

Treatment of rats with azithromycin
significantly decreased heart rate and P wave amplitude
(mV) by 13% and 77%, respectively, and significantly
increased PR interval, RR interval, QRS interval, and QT
interval by 2.4-fold, 23%, 60%, and 15%, respectively,
compared with control group. Also, azithromycin
administration prolongs QTc interval and T-T interval
and decreased ST height compared with control group,
but these changes did not reach significant levels
(Table 3 and Figure 1(A-C)).

Regarding lactoferrin\azithromycin  group,
treatment with lactoferrin reversed most of the
azithromycin-induced deteriorations in ECG patterns.
Lactoferrin significantly increased heart rate and P wave

http://aprh.journals.ekb.eq/

288


http://aprh.journals.ekb.eg/

ISSN: 2357-0547 (Print)
ISSN: 2357-0539 (Online)

Research Article / JAPR / Sec. D
Helal et al., 2021, 5 (2), 285-296

(A)

Ea—me s o

(€

A AR AR A

I Ay, S S e e e o L o e S
N eSS S AA G A A

(B)
i

e e e e e e e e

(D)

e e e e e
i ;J\.;\.M{MI\M\A—(\Juf\d\&l\-N{\—N{MV{\‘VIWM‘/\—N‘M{\-\.

Figure 1. Effect of lactoferrin on the azithromycin-induced deterioration of ECG pattern from control rats (A),
azithromycin administered rats (B&C), and rats received azithromycin and lactoferrin (D). Lactoferrin\azithromycin
group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10. Cardiotoxicity was induced in
azithromycin and lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5
successive days, starting from day 6 till day 10. Data are presented as mean + SEM, n=6. Statistical analysis was done using
(ANOVA) followed by Tukey-Kramer test. ® # p<0.05, Significantly different Vs. either control or azithromycin groups,

respectively.

amplitude (mV) by 24% and 3.2-fold, respectively,
compared with azithromycin group. It significantly
decreased PR interval, RR interval, QRS interval, QT
interval, QTc interval, T-T interval, and R wave
amplitude (mV) by 60%, 17%, 35%, 19%, 39%, 35%,
and 44%, respectively, all in comparison with
azithromycin group. In contrast, there was no significant
difference between lactoferrin\azithromycin and control
groups regarding most ECG parameters, except T peak-
T end interval, ST height, and R wave amplitude, which
significantly decreased in lactoferrin\azithromycin group
compared with control group (Table 3 and Figure 1D).

Effect of lactoferrin on immunostaining against
TLR4 and NF-xB

Immunohistochemical detection of TLR4 and
NF-xB have shown a significant elevation of the positive
area percentage by 4.8- and 4.9-fold, respectively, in
azithromycin group compared with control group. In
contrast, lactoferrin\azithromycin group showed a
significant decrease in the positive area percentage by
66% and 64.8%, respectively, compared with
azithromycin group (Figures 2 and 3).

Effect of lactoferrin on inflammatory and anti-
inflammatory parameters

As denoted in Figure 4A, oral azithromycin
showed a significantly upregulated expression of IL-1p
by 3.25-fold in the cardiac dysfunction group compared
with the control. Lactoferrin administration showed
significant downregulation of IL-1B expression by 50%

in lactoferrin\azithromycin group compared with
azithromycin group.

In context, in Figures 4B and 4C, denoting
levels of anti-inflammatory markers 1L-10 and Nrf2,
azithromycin group showed a significant decrease in
their levels by 63.2% and 65%, respectively, compared
with control group. In contrast, the
lactoferrin\azithromycin group showed a significant
increase in the levels of IL-10 and Nrf2 by 75% and 2.6-
fold, respectively, compared with azithromycin one.

Histopathological examination

Photomicrographs of HE-stained cardiac
sections are represented in Figure 5. The HE-stained
cardiac section of control group shows normal
cardiomyocytes and interstitial tissue (Figure 5A).
Cardiac photomicrographs from azithromycin group
show congestion (red arrows), interstitial and
perivascular infiltration of mononuclear cells (yellow
arrows), interstitial (black asterisks) and perivascular
edema (red asterisks), and necrotic cardiomyocytes
(black arrows) (Figure 5(B-G)). Cardiac sections from
lactoferrin\azithromycin group show mild congestion
(red arrows) and interstitial edema (black asterisks)
Figure 5(H and I).

DISCUSSION

Azithromycin is typically used to treat bacterial
infections and is considered a cornerstone medication in
Egyptian protocols for the management of COVID-109.
Azithromycin has been demonstrated to be effective
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Figure 2. Effect of lactoferrin on the azithromycin-induced changes in TLR4 immunohistochemical-detection:
photomicrographs show TLR4 expression in control group (C), azithromycin group (X), and lactoferrin\azithromycin group (L),
magnification X= 400, bar=50. The Bar-chart represents the percentage of TLR4 expression positive area. Lactoferrin\azithromycin
group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10. Cardiotoxicity was induced in azithromycin and
lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5 successive days, starting from day
6 till day 10. Results are presented as mean + SEM, n=6. Statistical analysis was done using Kruskal Wallis followed by post hoc
Dunn's test.® # p<0.05, Significantly different Vs. either control or azithromycin groups, respectively.
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Figure 3. Effect of lactoferrin on the azithromycin-induced changes in NF-«B immunohistochemical-detection:
photomicrographs show the NF-kB expression in control group (C), azithromycin group (X), and lactoferrin\azithromycin group (L),
magnification X= 400, bar=50. The Bar-chart represents the percentage of NF-kB expression positive area. Lactoferrin\azithromycin
group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10. Cardiotoxicity was induced in azithromycin and
lactoferrin\azithromycin groups through oral administration of azithromycin (20 mg/kg/day) for 5 successive days, starting from day
6 till day 10. Results are presented as mean + SEM, n=6. Statistical analysis was done using Kruskal Wallis followed by post hoc
Dunn's test. ¥ # p<0.05, Significantly different Vs. either control or azithromycin groups, respectively.

in-vitro against the Zika and Ebola viruses % 1428 2% and especially desirable in our 20 mg/kg azithromycin-
prevent severe viral respiratory tract infections 4 ¥, administered sample.

However, the azithromycin-induced ADRs represent a Many natural compounds have been reported to
serious milestone against the safe use of azithromycin. possess anti-inflammatory impacts and can directly
These ADRs have been studied on a pharmacological protect against inflammatory tissue damage 3.
dose in our study. Pathological cardiac alterations were Lactoferrin, a multifunctional natural protein found in
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Figure 4. Effect of lactoferrin on the azithromycin-induced alteration of Cardiac IL-1p levels(A), Cardiac IL-10 levels (B),
and Cardiac Nrf2 levels(C). Lactoferrin\azithromycin group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till
day 10. Cardiotoxicity was induced in azithromycin and lactoferrin\azithromycin groups through oral administration of azithromycin
(20 mg/kg/day) for 5 successive days, starting from day 6 till day 10. Results are presented as mean + SEM, n=6. Statistical analysis
was done using (ANOVA) followed by Tukey-Kramer test. ® # p<0.05, Significantly different Vs. either control or azithromycin

groups, respectively.

milk, tears, saliva, pancreatic juice, and gall, exhibited
anti-inflammatory, immunomodulatory, antioxidant 32,
renoprotective, and hepatoprotective  therapeutic
activities 2 33 34 suggesting cardioprotective potentials
against cardiac toxins, and particularly azithromycin.
The current research aimed at the investigation of the
hypothesized cardioprotective potential of lactoferrin
against azithromycin-associated cardiovascular ADRs.

In the current study, the serum levels of cardiac
function biomarkers, namely total CK, CK-MB, LDH,
and ALP, were assessed. Higher serum levels of these
cardiac biomarkers give evidence for their release into
the circulation from the damaged myocardium and,
consequently, myocardial injury®® 3. Our results have
demonstrated that oral administration of azithromycin
showed a significant rise in total CK and CK-MB levels
and a considerable increase in LDH and ALP levels in
our azithromycin group. These results may be considered
proof of the azithromycin-induced acute myocardial
damage. Oral administration of lactoferrin with
azithromycin protected rats, in lactoferrin\azithromycin
group, against azithromycin-induced myocardial injury.
The lactoferrin cardioprotective effect is evinced by
alleviating serum levels of total CK, CK-MB, LDH, and
ALP in the lactoferrin\azithromycin group. In agreement
with our results, previous studies have reported
cardioprotective effects of lactoferrin against either
nicotine-induced  cardiotoxicity = or  myocardial
ischemia/reperfusion injury in rat models through
normalization of elevated serum levels of CK, CK-MB,
ALP, and LDH? %,

Similarly, the azithromycin-induced cardiac
injury was evidenced via ECG recording. In our study,

the orally administered azithromycin can be regarded as
a consequence of arrhythmogenic effects due to the
widely-known  cardiac  tissue  distribution  of
azithromycin %, ECG in azithromycin-treated rats
revealed decreased heart rate and P wave amplitude,
significantly increased PR interval, RR interval, QRS
interval, and QT interval relative to the control group.
Our research results have shown the development of
bradycardia in rats treated with azithromycin, and these
results were supported by the previous case reports 3% 4,

The PR, QRS, and QT periods were determined
to be prolonged in azithromycin-administered rats
compared to control rats. The ECG PR interval can
essentially be extended because the atrionic node is
delayed, and the atrium, bundle, branches, and Purkinje
fibers are delayed to conduct the ARI %, The duration of
the QT interval in the ECG is considered an important
predictor of cardiotoxic impacts of medications 2. This
extend also entails the possibility of polymorphic
ventricular tachycardia or Torsades de pointes > 44, The
QT interval prolongation can be explained by the
azithromycin-induced inhibition of the cardiac
potassium channels and bradycardic disorder found in
azithromycin-administered rats 4546, In context, QRS
complex anomaly is a crucial predictor for intranodal
conduction anomalies, myocardial ischemia, and
myocardial infarction 4.

On the contrary, concurrent administration of
lactoferrin with azithromycin has reversed most of the
azithromycin-induced deteriorations in ECG patterns.
Lactoferrin intake significantly increased heart rate and
P wave amplitude and significantly decreased PR
interval, RR interval, QRS interval, QT interval, QTc
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Figure 5. Effect of lactoferrin on the azithromycin-induced alterations in HE-stained cardiac sections: Microscopic
photomicrograph shows normal cardiomyocytes and interstitial tissue in control group (A). Cardiac sections from azithromycin group
showing congestion (red arrows), interstitial and perivascular infiltration of mononuclear cells (yellow arrows), interstitial (black
asterisks), and perivascular edema (red asterisks), necrotic cardiomyocytes (black arrows)(B-G). Cardiac sections from
lactoferrin\azithromycin group showing mild congestion (red arrows) and interstitial edema (black asterisks)(H-1), magnification X=
400, bar=50. Lactoferrin\azithromycin group received lactoferrin (200 mg/kg/day, orally), starting from day 1 till day 10.
Cardiotoxicity was induced in azithromycin and lactoferrin\azithromycin groups through oral administration of azithromycin (20
mg/kg/day) for 5 successive days, starting from day 6 till day 10.

interval, T-T interval, and R wave amplitude compared
with azithromycin group. In contrast, there was no
significant difference between lactoferrin\azithromycin
group and the control one regarding most ECG
parameters, except for T peak- T end interval, ST height,
and R wave amplitude, which are significantly decreased
in lactoferrin\azithromycin group, implying its potential
cardioprotective impacts.

Azithromycin-induced oxidative  stress,
alongside the attenuated antioxidant defenses, could
result in oxidative damage to cellular lipids, proteins, and
DNA 2" % Qur findings showed that azithromycin-
induced cardiac complications are accompanied by
induction of oxidative stress in the cardiac tissue as
revealed by upregulated cardiac contents of MDA and
NO as well as downregulated cardiac GSH content.

On the other hand, oral administration of
lactoferrin exhibited a potential to counter verse
azithromycin-associated oxidative burst, as denoted by
downregulation of the oxidative stress status, decreased
cardiac MDA and NO contents, and upregulation of
cardiac content of GSH, upon concurrent oral
administration with azithromycin in
lactoferrin\azithromycin group rats. Similarly, Gulmez
et al. and Kruzel et al. have reported that lactoferrin
could control the oxidative burst and has a protective
effect against NO in a rat model of endotoxemia 4 5°,
giving credence to our results. Moreover, our findings
support the previous reports of Cohen et al. and Hsu et
al., who have reported that the antioxidant potential of
lactoferrin is a pivotal physiological function of such
glycoprotein 5152,
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In the same context, azithromycin-induced
oxidative stress has been reported to induce a detected
upregulated expression of TLR4. Activation of TLR4
upregulates cardiac expression of NF-xB, a nuclear
factor implicated in inflammatory process activation and
attenuation of anti-inflammatory defenses %® %3, NF-xB
pathways have been reported to be engaged in the
progression of pathological cardiac conditions, such as
hypertension,  heart  failure, and  myocardial
hypertrophy®4. In our study, azithromycin administration
to rats activated the pro-inflammatory and inflammatory
responses as a consequence of upregulated expression of
TLR4 and NF-«kB in cardiac tissues. Azithromycin-
induced inflammatory responses are evident via
upregulated cardiac IL-18 expression. Moreover,
azithromycin suppressed the anti-inflammatory defense
within cardiac tissues, as revealed by downregulated
cardiac expression of IL-10 and Nrf2. Collectively, these
results denoted that azithromycin-associated cardiac
injuries might be sequelae of the disturbance in
oxidative/antioxidant status, upregulated expression of
TLR4 and NF-xB, and subsequent immunomodulation
of pro-inflammatory responses and anti-inflammatory
defenses within cardiac tissues.

Interestingly, the concomitant administration of
lactoferrin  with azithromycin protected rats, in
lactoferrin\azithromycin group, against azithromycin-
induced inflammatory responses, as revealed by the
significant decrease in cardiac expression of pro-
inflammatory and inflammatory biomarkers, namely
TLR4, NF-xB, and IL-1B. Moreover, lactoferrin-induced
anti-inflammatory defenses through the upregulated
cardiac expression of protective 1L-10 and Nrf2.
Previous studies have reported immunomodulatory and
anti-inflammatory potentials of lactoferrin, giving
credence to our results 5. Lactoferrin has been reported
to ameliorate thioacetamide-induced liver injury and
chromium-Induced renal injury in rats by suppressing
NF-xB and other inflammatory cytokines expression 2*
%, Recently, Nemati et al. has reported that lactoferrin
exhibited anti-inflammatory effects in RAW264.7 cell
culture via suppression of TLR4 and NF-kB expression
57, Collectively, our findings, alongside these previous
reports, suggest an anti-inflammatory, cardioprotective
mechanism of lactoferrin against azithromycin-induced

cardiotoxicity =~ via  modulation of  oxidative
stress/TLR4/NF-«xB pathway.
CONCLUSION

Nowadays, azithromycin is used as an

antimicrobial agent against bacterial infection, and in
Egyptian management protocols for COVID-19, yet
azithromycin-induced cardiac toxicity might develop
very rapidly. Our study concludes that the concomitant
administration of lactoferrin with azithromycin protects

against the rapid development of azithromycin-
associated cardiac injury. The lactoferrin
cardioprotective potentials could be mediated via the
downregulation of oxidative stress and modulation of the
TLR4/NF-xB pathways. Future research studies should
be conducted to clarify the exact molecular mechanisms
involved in the cardioprotective potentials of lactoferrin.

Our study findings recommend combining
lactoferrin, an immune-boosting probiotic, with
azithromycin to manage severe infections, particularly
COVID-19 infection.
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